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Available online 7 July 2009AbstractAnisakid nematodes are common in Antarctic, sub-Antarctic, and Arctic areas. Current distributional knowledge of anisakids in
the polar regions is reviewed. Climatic variables influence the occurrence and abundance of anisakids, directly influencing their
free-living larval stages and also indirectly influencing their predominantly invertebrate (but also vertebrate) hosts. As these
parasites can also be pathogenic for humans, the paucity of information available is a source of additional hazard. As fish are
a major human dietary component in Arctic and Antarctic areas, and are often eaten without heat processing, a high risk of infection
by anisakid larvae might be expected. The present level of knowledge, particularly relating to anisakid larval stages present in
fishes, is far from satisfactory. Preliminary molecular studies have revealed the presence of species complexes. Contemporary
climate warming is modifying the marine environment and may result in an extension of time during which anisakid eggs can
persist and hatch, and of the time period during which newly hatched larvae remain viable. As a result there may be an increase in
the extent of anisakid distribution. Continued warming will modify the composition of the parasitic nematode fauna of marine
animals, due to changes in feeding habits, as the warming of the sea and any localised reduction in salinity (from freshwater runoff)
can be expected to bring about changes in the species composition of pelagic and benthic invertebrates.
 2009 Elsevier B.V. and NIPR. All rights reserved.
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Anisakid nematodes are common in Antarctic, sub-
Antarctic, and Arctic areas, where they are represented
by the genera Anisakis Dujardin, 1845, Pseudoterra-
nova Mozgovoi, 1951, Paranisakiopsis Yamaguti,
1941, Phosascaris Host, 1932, Contracaecum Railliet
et Henry, 1912 and Hysterothylacium Ward et Magath,
1917. Life cycles of most anisakids are similar. The
post-embryonic development of nematodes involves
five stages marked by four moults. The first two larval
moults occur partly or completely within the egg, and* Tel.: þ48 58 523 6618.
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the egg membranes. Although the third moult may
occur in the intermediate host, this and the fourth
moult often take place in the digestive system of the
definitive host. During moulting, the larva sheds its old
cuticle, having first produced a new one. The third
instar larva (L3) is an invasive stage, capable of
infesting a new host (Dziekon´ska-Rynko and Rokicki,
2007). Free-living L2 or L3 larvae are ingested by
invertebrates, particularly crustaceans. Fish and ceph-
alopod molluscs become infected when they consume
crustaceans containing L3 larvae, which then penetrate
the intestine and invade the body tissues, where they
may continue to grow or become encapsulated
(Anderson, 1992). Definitive hosts are usually infectedreserved.
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which develop to adults in the alimentary tract.
Climate warming, observed on the Earth during the
last century, is likely to cause changes in the structure of
ecosystems and in ranges of animal species and their
parasites. Significant increases in sea surface tempera-
ture have been observed in certain regions of the
Greenland and Barents Seas (Kruszewski, 2008).
Climatic changes in the marine environment of the polar
regions may involve both warming and freshening of sea
water, the latter as a consequence of ice melting and
increased freshwater input from northern continental
river systems. These are likely to impact and cause
modifications in the development of anisakids, especially
in their free-living stages of eggs and newly hatched
larvae. Increased temperature may cause thermal stress
in aquatic animals, leading to reduced growth, sub-
optimal behaviour and reduce immunocompetence.
Khan and Chandra (2006) suggested that an overall
decline of parasites would impact larvae of Anisakis
sp., coincident with a changes in climatic conditions,
and other changes such as the absence of major food
sources such as the capelin (Mallotus villosus), the
Atlantic cod (Gadus morhua), and specifically the
decline of the Labrador population of G. morhua. Also
to be expected is a northward shift in the distribution of
fishes of various species, as already observed in the
North Sea (Perry et al., 2005). The warming of coastal
waters will lead to more pelagic species following the
shift of warmer water north, resulting for example in
an increase in whale worm (Anisakis spp.) in fish
(Marcogliese, 2005). Long-term epidemiological data,
including information on parasite occurrence, correlate
well with climatic data. It is also clear that, during host
migrations, parasites strongly influence the newly
formed relationships between their original hosts and
the hosts acquired via transfer (Combes, 1999).
It is likely that climatic warming will extend the time
during which parasite eggs can hatch. The question then
arises as to how effectively parasites will realise their
development under changed climatic conditions in the
polar regions, and to what extent their distributional
ranges will follow the expanding ranges of their hosts.
This could result in new and possibly less stable parasite-
host systems and increased risks for the hosts.
2. The occurrence of anisakids in the
Arctic and the Antarctic
Current knowledge of parasitic nematodes off Sval-
bard is very limited. The species reported are often
parasites of fish or marine mammals (mainly seals) andwere collected mostly during polar expeditions in the
20th century.Very often, however, the collection sitewas
reported without sufficient detail. Until now, no
comprehensive parasitological research had been
carried out off Svalbard, which could have been a result
of regulations imposed to protect the local fauna.
Records are limited to Anisakis sp. (Broek van der,
1968), Anisakis simplex and Contracaecum osculatum
(Rokicki, 1997; Sagerup et al., 2000). The parasitic
fauna of animals occurring off southern Svalbard is,
being boreal-Arctic in nature, similar to the fauna known
from the Barents Sea or off Greenland.
According to Petersen (1983) parasitism in the Arctic
is simpler than elsewhere, the parasitic fauna including
fewer species, which occur at higher concentrations.
Polar birds are hosts for numerous nematode species.
Anisakis simplex, widely distributed as a species
complex, has been recorded in fish off Svalbard,
Greenland, and in theNorth Pacific.Anisakis simplexwas
noted in cod (Gadus morhua) in the Barents Sea
(Aspholm, 1995). Anisakidae were found in a high
percentage of fish off the coast of Canada and Alaska
(Gyorkos et al., 2003), in Greenland and Newfoundland
in halibut (Reinhardtius hippoglossoides) (Boje et al.,
1997). Contracaecum osculatum A and B and Pseudo-
terranova bulbosa (Mattiucci et al., 2007) have been
recorded in the Barents Sea from phocid hosts.
In the Arctic, C. osculatum A and B, and e near the
Arctic Circle e C. osculatum s.s. have been found. The
presence of Anisakis simplex L3 and Pseudoanisakis
tricopula was recorded in Raja hyperborea, R. radiata,
and Bathyraja spinicauda in the Barents Sea. Contra-
caecum/Phosascaris sp. was reported from R. radiata.
The presence of anisakid larvae in the Chondrichthyes
suggests that the latter feed on krill or fish. Anisakids
present in skates become trapped and eventually die
and degenerate in situ, as these fish are ‘‘dead-ends’’
not likely to be preyed upon by whales (Zubchenko
and Karasev, 1986; Rokicki et al., 2001).
L3 larvae of Contracaecum osculatum occur in the
body cavity of numerous marine fish species. As
adults, they dwell in the stomach (more seldom in the
intestine) of pinnipeds. Data on the occurrence of
parasitic nematodes in fish in the Antarctic are scant
compared with records of other taxa. Anisakis species
have not been reported from skates in the western and
eastern Antarctic (Rocka, 2002).
The Antarctic teleost fish are known for hosting
adult Hysterothylacium aduncum (Rudolphi, 1802) and
Paranisakiopsis weddeliensis Rocka, 2002. According
to Johnston and Mawson (1945) and Mozgovoy
(1951), stomachs of Antarctic marine mammals may
Fig. 1. Climatic impact on different developmental stages of
anisakids.
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Baylis, 1923. Three species of Contracaecum para-
sitising pinnipeds are known from the Antarctic:
C. osculatum (Rudolphi, 1802), C. radiatum (Linstow,
1907), and C. mirunga Nikolskij, 1974. Allozyme
markers have been used to differentiate between
Contracaecum radiatum, C. mirunga, and C. osculatum
D and E in the Antarctic region, and C. ogmorhini s.s.
in the sub-Antarctic (Mattiucci et al., 2007). The
Pseudoterranova decipiens complex is represented by
P. decipiens E (Bullini et al., 1997; Mattiucci and
Nascetti, 2007) in the Antarctic.
Species identification in the Anisakidae has tradi-
tionally been complicated by a lack of distinguishing
morphological characteristics, particularly in larval
worms (Lymbery and Cheah, 2008). Anisakid classifi-
cation based onmorphological and anatomical characters
is nowbeing supplemented bymolecular techniques, e.g.,
PCR-RFLP. These methodologies have demonstrated
that morphology was inadequate for recognizing ‘‘true’’
species within all three genera, and further showed that
some of the morphospecies, previously considered as
cosmopolitan and euriecious are, on the contrary,
a complex of sibling species, with reproductively isolated
gene pools corresponding to ‘‘biological’’ species.
Ribosomal DNA is used in such studies due to the
presence of strongly conserved regions (5.8 S RNA
coding gene); in addition, twovariable transcribed spacer
sequences (ITS-1 and ITS-2) are also used. mDNA is
valuable in identifying sibling species and in phyloge-
netical analyses. To prevent simultaneous amplification
of parasite and host DNA, specific primers are designed.
The application of geneticmarkers to studies of anisakids
and other taxa has clearly demonstrated the necessity not
only to review the species described so far, but also to
revise their respective phylogenies.
3. Developmental potential in polar areas
Individual parasites develop under optimal ranges of
physical and chemical factors. The development
depends on water temperature, pH, salinity, oxygen,
turbidity, and other environmental variables that impact
both terrestrial and marine biota. Effects of increased
temperature on parasites include faster embryonic
development and hatching, development rates and
maturation, decreased longevity of larvae and adults,
and increased mortality of all stages (Marcogliese,
2008). Life stages of anisakids, which are exposed to
climatic impact at various levels are illustrated in Fig. 1.
Larvae within their eggs, free-living and parasitic stages
infecting ectothermic invertebrates or endothermicvertebrates have different vulnerabilities to climatic
changes. Life cycles of both Arctic and Antarctic ani-
sakid species, may also be influenced by the level of
climatic stability they experience, which may differ in
both regions. This may in turn result in selection of
different life strategies.
Climatic change in polar areas may lead to anisakid
range extension. Enhanced ice melting and freshwater
runoff can result in freshening of sea water. Measures
(1996) found temperature and water salinity influence
in the development of sealworm (Pseudoterranova
decipiens) eggs. Larvae hatched in 57 days at 5 C,
21.24 days at 10 C, and 10.11 days at 15 C. In
brackish water or sea water, larvae subsequently
survived 91 days at 5 C, 63.67 days at 10 C, and
43.44 days at 15 C. In fresh water, larvae survived 11,
7.8, and 4.5 days at 5, 10, and 15 C, respectively.
Exposure of Contracaecum rudolphii eggs to 17 C
completely inhibits their development (Dziekon´ska-
Rynko and Rokicki, 2007).
As in other anisakid nematodes, eggs of C. rudolphii
are thin-walled (Køie and Fagerholm, 1995; Adroher
et al., 2004). The absence of a chitinous membrane
renders the eggs sensitive to various chemical and
physical factors. Eggs are shed in the host’s faeces, and
require an incubation period before hatching into
free-living larvae. In contrast, eggs of other ascarids
(geohelminths), possessing a chitinous membrane, may
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and retain their viability.
In the opinion of Arthur and Sanborn (1969) and Lee
and Atkinson (1976), thin-walled nematode eggs are
spontaneously released into the external medium and
need no external stimulus to begin hatching. At an
appropriate developmental stage, the vitelline layer
becomes permeable to water. Osmotic water penetra-
tion increases the hydrostatic pressure, which results in
breaking of the egg membrane and facilitates hatching
of larvae. Similar observations have been reported
during experimental development of Hysterothylacium
aduncum (Adroher et al., 2004), Contracaecum oscu-
latum (Køie and Fagerholm, 1993, 1995), and Anisakis
simplex and Pseudoterranova decipiens (Køie and
Fagerholm, 1995). The hatching larvae are the third
larval stage, each surrounded by a thin cuticle remain-
ing from the previous stage. The third stage is invasive
and finds the definitive hosts via intermediate hosts.
The larvae are passively transferred to the host by
being ingested with food. The first intermediate hosts
of anisakids are crustaceans. As adults, the parasites
dwell in the digestive tract of fishes, birds or mammals,
and more infrequently in amphibians and reptilians.
The L3 larvae occurring in fishes may be ingested by
humans who then become accidental hosts. When in
the definitive host, they reach sexual maturity and, after
copulation, the female begins the production of eggs,
which are released from her body. Eggs and the newly
hatched larvae are the only stages in the anisakid life
cycle that remain in the external medium and are
dependent on the stability of their environment (Fig. 1).
Parasites are generally well-adapted to their envi-
ronment, but may quickly respond to factors influ-
encing their transmission and growth by displaying
adaptive phenotypic plasticity.
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